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TOWARD ESTABLISHING A NATIONAL ENERGY POLICY
J. L. Gaddy
Department of Chemical Engineering
University of Missouri-Rolla
Rolla, Missouri 65401

Abstract
Coal must become the predominant energy source for this nation for the next 50100 years and petroleum must be conserved for petrochemicals. Coal gasification
and liquefaction are wasteful processes that will lead tounnecessarily rapid
depletion of coal reserves. Generation of electricity with coal is a more
economical means of using coal for energy and this technology is already avail
able. This paper discusses the advantages of a coal-electric energy economy and
how such an economy.can be implemented.
INTRODUCTION
The United States has 5 percent of the world's
population, yet consumes 35 percent of the total
energy. U.S. energy consumption reached 80 quad
rillion BTU in 1975 and in some projections is
expected to double by 1990.^
Even with a
moderate growth rate in energy usage of 3 percent
per year, U.S. energy consumption would reach
(?)
120 quads by 1990.

Domestic production of natural gas will be only
70 percent of our usage by 1990. These projections
are composites from the oil industry and include
production from future petroleum discoveries,

In recent years, most of the energy consumed in
the U.S. has been supplied by petroleum, as shown
in Table 1. In 1975, more than three quarters of
our energy came from oil and gas. A petroleum
based energy economy is expected to continue
through 1990, when 62 percent of our energy will

Oil
Gas
Coal
Hydroelectric
Nuclear

including Alaska.
Table 1.

Sources of U.S. Energy*
Percentage of Total Supply
1975
1990
39
45
23
31
20
18
3
4
15
2

Composite from (1,2)

be supplied by oil and gas.

The real energy crisis becomes apparent from a
realization of the quantities of imported crude

An examination of the sources of our petroleum
supply, shown in Table 2, indicates that oil pro
duction from domestic sources will decline from
62 percent in 1975 to only 39 percent by 1990.

oil and natural gas that will be required in
fifteen years. By 1990, about one third of our

228

Table 2. U.S. Petroleum Supply*

Domestic Production
Symthetics
Imports

by our present crude oil position, where domestic
supplies are inadequate; and, in the absence of
alternative sources of energy, the price of
imported crude has risen about 400 percent in
three years.

Percentage of Total Supply
Oil
Gas
1975 1990
1975
1990
62
39
94
70
5
1
14
38
56
5
16

Future energy policies must be far-sighted. We
must take a long look at our remaining energy
resources and allocate them wisely. There will be
no immediate panacea in solar, wind, geothermal or
fusion energy. These resources, while probably
more expensive, represent solutions for the future;
but will not solve our present crisis. Petroleum,
coal and fission will continue to supply our
energy for the immediate future.

Composite from (2,3)
total energy will be imported.
This imported
energy will be equivalent to 15 million barrels of
oil daily^ or about $70 billion annually, at
today's energy prices.
Energy deficits will pose a tremendous strain on
our economy and lead us down a very treacherous
political path. Dependence upon imported energy
could become our most serious problem, more hazard
ous than environmental quality, inflation, etc.
Yet, we still have no definitive program for
achieving energy self-sufficiency. Admittedly,
enactment of a national policy on energy is a
difficult matter. There are many alternative path
ways and many private interests to satisfy.

Since these chemical energy sources are limited,
we must look for the most efficient means to use
them. Future energy policies must be based upon
maximizing the efficiency of resource utilization,
rather than economics. This procedure may be more
costly initially, in some instances; however, in
the long run, the economy will be best served by
this policy. The purpose of this paper is to
present an analysis of the efficiencies of the
ways we use energy and to develQp an energy policy

Present energy policy seems to center around main
taining a petroleum energy base: synthetic gas
and oil development, price regulation to reduce
consumption and stimulate exploration, etc. As
the U.S. faces importation of over half its petro
leum in the near future, perhaps now is the time
to consider an energy economy not heavily depend
ent upon petroleum. Such an energy economy is
inevitable eventually and any solution to the
present petroleum shortage can only be temporary.

which leads to the optimal allocation of our
present resources.
ENERGY CONVERSIONS
There are five basic forms of energy: chemical,
thermal, electrical, mechanical and radiant.
Energy is consumed primarily in the thermal,
electrical and mechanical forms. However, the
source of almost all of our energy is chemical
(petroleum or coal); so that conversions of
chemical energy are necessary steps in our energy
economy.

Economics has dictated energy policies in the past.
The kind of energy that was used was determined
by prices, which in many instances were regulated,
but still brought a reasonable return to the
supplier. This policy has worked well, as we
have enjoyed abundant and cheap energy for many
years. However, a policy based upon economics
cannot be expected to function properly in a resource-limited economy. This situation is typified

Considering the five basic energy forms, there are
twenty-five possible energy conversion steps. Ten
of the most common conversions are shown in Table
3. Single energy
plete, because of
forms of energy.
energy conversion
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conversions are usually incom
losses or formation of undesired
The degree of completion of an
can be expressed by a "first law"

Table 3.
Direct Energy Conversion Efficiencies (8)
Energy Conversion
Chem-*-Therm

Process

Conversion Effii

Boiler

88

Home Furnace

50*

Therrm-Mech

Steam Turbine

45

Mecln-Elec

Generator

99

Elec-s-Mech

Motor-Smal 1

62

Large

92

Incadescent Lamp

5

Flourescent Lamp.

20

Gas Laser

40

Elec+Chem

Storage Battery

72

Chem+Elec

Dry Cell Battery

92

Fuel Cell

60

Rad->-Elec

Solar Cell

10

Thernu-Elec

Thermocouple

8

Them»Mech

Gas Turbine

35

Auto Engine

25

Elec->Radiant

Elec->-Therm

Resistance Heater

100

Home furnaces rated as high as 75 percent, but applied
efficiency usually 35-50 percent. (8)

efficiency,^ e, defined as the net energy avail
able in the desired form, divided by the total
energy available before conversion. Table 3 also
lists typical conversion efficiencies for several
processes. For example, 88 percent of the chemi
cal energy available in coal can be converted to
thermal energy as steam in a boiler; the re
mainder being lost in the flue gases. The
efficiencies listed are generally the best avail

Direct conversion of the energy resource into
the desired form is not frequently possible; and
several conversion steps may be required. Table
4 lists the conversion steps required to derive
electricity, heat and transportation from chemical
energy sources. The efficiency of combinatorial
energy conversions is given by Equation (1):
N
E = II e1=1 1

able with present technology.
where

E = net conversion efficiency
e = efficiency for step i

(1)

Table 4.
Combined Energy Conversions
Energy Conversion
Processes

Combi ned
Efficiency (%)

Requirement

Example

Electrici ty

Power Plant

Chem+Therm-*-Mech ■>
Elec

39

Gas Turbine
Generator

Chem(Gas)-*-Therm->MecfriElec

32

Fuel Cell

Chem->Elec

60

Electric Furnace

Chem->Therm->Mech
Elec+Therm

39

Gas, Oil or Coal
Furnace

Chem+Therm

50

Internal Comb.
Engine

Chern(Oi 1)->-Therm->Mech

25

Battery Powered

Chem-*-Therm->Mech■*
Elec-*-Chem->Elec-vMech

26

Fuel Cell

Chem->£lec-+Mech

55

Space Heating

Transportation

For example, electricity is generated from chemical energy by making these conversions; chern-*therm(boiler), therm->mech( turbine ) and mech-^elec
(generator). Using Equation (1) and the data from
Table 3, the efficiency, E, of this conversion is:
(.88)(.45)(.99) = .39.

power. Also, direct combustion is more efficient
in providing space heat than the electric furnace.
The gasoline powered automobile is slightly less
efficient than a battery driven car, powered by
electricity generated from the same gasoline.
RESERVES OF CHEMICAL ENERGY

Electricity, space heating and transportation
represent the largest individual end uses of
energy in this country; each requiring about 25
percent of the total consumption. Table 4 gives
the efficiencies of several processes for produc
ing energy for these requirements. It is distress
ing to realize that the overall efficiency of our
utilization of chemical energy for the above uses
is only about 35 percent, not including losses in
the transportation of energy.^ This poor effi
ciency reinforces the need for examination of our
conversion practices in developing an energy policy.
It is interesting to observe from Table 4 that the
fuel cell offers a means of about doubling the
efficiency of electricity generation and motive
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Decisions as to the prudent use of our chemical
energy resources cannot be made without reference
to the reserves of these resources. It would be
unwise, for example, to use gas for space heating
when our natural gas reserves are rapidly dwindling.
Table 5 presents the proven recoverable reserves
of our chemical energy resources. The life of
these reserves can be estimated by Equation (2):

where A = availability of reserve, yrs.
R = current quantity of proven reserve
C = annual rate of consumption of
reserve

This availability is different from the usual
representation of the life of resources which is
computed from the current production, rather than
the consumption. While it is recognized that
both R and C change with time, probably increasing,
it is usually assumed that these changes are off
setting so that the measured availability is
realistic. Table 5 shows that our current re
serves of petroleum would last only 5-11 years
if all the demand were supplied by domestic pro
duction, while coal would last 275 years.
It may be argued that the reserves of coal, being
more easily defined, are not likely to increase

allocating resources, since neither the demand nor
efficiency of utilization is included. A better
measure is to consider the annual quantity of a
resource allocated to a certain need, calculated
as:
RA = (RHE)
where

x

1

RA = resource allocation, % per year
D = current annual demand for a
particular form of energy (output)
E = efficiency of converting resource
into the energy form used

For example, the demand in 1975 for space heating
15
was 6.1 x 10 BTU/yr., thermal output (chemical
energy input is 12.2 x 1015 BTU).^8,13^ If this
energy requirement is provided by gas with a con
version efficiency of 50 percent, the resource
allocation, RA, is;

significantly; while the reserves of oil and gas
will surely increase with continued exploration.
Nevertheless, the magnitude of the availabilities
is significantly different, and we must begin to
realize that our petroleum reserves have a finite
life, perhaps twenty or thirty years, at the
present rate of consumption. It has been esti
mated that 75 percent of the ultimate available
oil in the U.S. had been discovered by 1965.

RA

INTRINSIC ENERGY CONVERSIONS
The data of Table 5 show the heavy dependence
that must be placed on coal in the future. There
is incentive to convert coal into gas and oil,
more desirable energy forms. These are intrinsic
conversions of one form of chemical energy to
another form of chemical energy. These conversions
are always for convenience; i.e., it is more con
venient to burn gas in home furnaces than to
stoke coal.
Intrinsic energy conversions consume energy, re
sulting in a reduction of the efficiency of the
conversion. Table 6 lists several intrinsic
chem-»chem energy transformations, along with their
efficiencies. These efficiencies must also be
considered in establishing a wise allocation of
our resources.

--x- 18 L x 100 = 5.2%/yr.
(237 x 10lb)(.5)

Of course, it is unreasonable to assume that all
of a certain demand will be met from a single
energy source. Equation (3) can accommodate the
use of a fraction of demand to be allocated to a
particular resource. Allocations to supply the
space heating, electricity generation and trans
portation needs are given in Table 7.
Space Heating. From Table 4, the most efficient
means of providing space heating is by direct
combustion of oil, gas or coal. To use either
gas or oil for this purpose would deplete these
reserves at the rate of about 5-6 percent per
year as shown in Table 7. Therefore, coal should
be the fuel allocated for this need.
However,
the use of coal for direct heating of individual
homes is inconvenient.
Space heating could be provided by electricity
generated from coal with an overall efficiency of
39 percent and a coal allocation for heating of .4
percent per year. Coal can be converted to gas to
provide space heating with an efficiency of 32

A RATIONAL ENERGY POLICY
The availability of an energy reserve, calculated
by Equation (2), is not a useful measure for
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Table 5.
Availability of U.S. Chemical Energy Reserves
Chemical
Energy
Form
Gas

Proven Recoverable

Consumption, C

Reserves, R, lO^BTU
*
237

1015 BTU/.yr^

Availability, A
Yrs.

23

11

204*
**
4400

38

5

16

275

Oil
Coal

API estimate (9,10)
Conservative estimate (11)

Table 6.
Efficiencies of Typical Chemical-Chemical Conversions
Process

Efficiency

Reference

Coal+Gas

64 (average)

(14,15)

Coal-*-0i 1

80

(16)

Oi KGas

90

(17)

Gas+LNG

80

(18)

Table 7.
Allocation of U.S. Chemical Energy Reserves
Ihemi cal
Energy
Form

Allocation, RA, %/Yr.
Conversion
Efficiency

Space
Heatinq

Transportation

Electricity

Gas

5.2

-

6.6

Oil

6.0

8.7

7.7

Coal

Enerqy Process

Coal-i-Heat

.50

.3

-

-

Coal+Elec+Heat

.39

.4

-

-

Coal+Gas+Heat

.32

.5

-

-

Coa 1-s-Oi1+Mech

.20

-

.5

-

Coal->-Elec->-Mech

.26

-

.4

-

.39

_

_

.4

CoaHElec
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percent and an allocation of .5 percent per year.
Obviously, there is little incentive to develop
coal gasification for providing the requirement
of space heating.
Our energy policy should clear
ly be directed toward provision of heating with
electricity generated from coal or nuclear energy.
This policy, of course, necessitates the solution
of the S02 stack gas problem.

of our petroleum would be consumed annually if
used to generate electricity, while only .4 per
cent of the coal would be used. Coal must be
allocated as the hydrocarbon fuel for electricity,
and gas and oil should be phased out for this
usage.
The conclusion of the above analysis is that, for
maximum efficiency and resource conservation, an
electrical energy economy should be pursued.
Electricity can be generated from coal, nuclear
or renewable energy sources; so few adjustments
are necessary as other energy sources are
developed. A total electric energy economy is

Transportation. The mechanical energy demand for
transportation in 1975 was 4.4 x 1015 BTU (input
reported at 17.6 x 1015 BTU).(2>13) Continued use
of oil for transportation will deplete our re
serves by about 9 percent per year. Conversion of
coal to oil would yield an overall transportation
efficiency of only 20 percent. However, genera
tion of electricity with coal and the use of a
battery-powered auto yields an efficiency of 26
percent with a coal allocation of .4 percent per
year. Clearly, an^energy policy should favor the
electric car and development of suitable batteries
should be pursued vigorously. Electric cars also
are environmentally desirable, since there is no
combustion or emissions. However, the environ
mental problems at the generating stations and
coal mines must be solved.

not possible without the development of new or
improved technology for storage batteries,
environmental protection and energy transmission.
The conclusion to pursue a coal electric economy
is based upon conversion efficiencies for some
emerging technologies, such as coal gasification,
which may be improved substantially. There is
good reason to expect substantial improvement in
the efficiency of electricity generation, with
the development of MHD or the use of power plant
waste heat for industrial and residential heating
requirements. At present, the energy wasted in
cooling water at power generation facilities
would supply the nation's space heating needs.
Thus, there is great potential for improving the
efficiency for electricity generation; and, this
is, perhaps, further incentive for developing an
electric energy economy.

There is a further incentive for development of
electricity as a means of transportation. The
load factor for the power industry is only 55
percent. If batteries for transportation can be
charged during off-peak periods, present generat
ing facilities would provide more than half the
transportation energy, and with an attendant
improvement in present economics.

Coal Reserves. An economy, totally dependent upon
coal as a source of energy, cannot endure indef
initely. Adding the allocations of coal for heat
ing, transportation and electricity in Table 7, it
is found that 1.2 percent of our coal would be
consumed annually. This allows only an 83 year
life of our coal reserves if all heating, trans
portation and electrical energy were supplied
from coal. However, this life should be adequate
for the full development of renewable energy
sources or the breeder reactor.

Electricity. The demand for electricity in 1975
will be about 6.1 x 10^3 BTU.^ Reviewing the
allocations of fuels for generating electricity
given in Table 7, it is seen that 7 to 8 percent
—

This comparison of heating with SNG and electric
ity has neglected the transportation aspects; how
ever, the results would be little altered since
the efficiencies of transporting gas and elec
tricity are about the same.
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Consider the achievement of energy sufficiency
utilizing gas and oil from coal, by 1985, about
the earliest date this technology will be avail
able. The shortage of natural gas will amount
15
to 8 x 10 BTU annually and the shortage of oil
is forecast as 43.8 x 1015 BTU annually.^
Should these shortages be made up by gas and oil
produced from coal, the availability of coal re
duces to about 40 years. So coal is certainly
not unlimited and this resource should be managed
wisely to insure its longevity.

more rapidly achieved than coal gasification or
solar energy storage.
Coal gasification and liquefication are inefficient
and offer no advantage over electricity generation
with coal. Petroleum should not be depended upon
as a source of energy and should be reserved for
petrochemicals.
For a twenty year horizon, several definite steps
toward an energy policy emerge as follows:
1. Reserve petroleum for chemicals. Phase out
use of petroleum for generation of electric
ity and heating.
2. Encourage generation of electricity with
coal, even at the expense of increased S02
emissions. Accelerate development of stack

Petrochemical Needs. Our society is heavily
dependent upon the petrochemicals derived from
oil and gas. Plastics, synthetic fertilizer,
pharmaceuticals and many hundreds of other
products come from oil and gas. While we have
alternative sources of energy, there are few
alternative sources of carbon for petrochemicals.
Oil and gas should no longer be used as a source
of energy, particularly not as a source of heat.

gas scrubbing and coal mining procedures.
Develop uses for waste heat at generating
stations.
3. Discourage coal gasification or liquefica
tion, except as a long range replacement
for petrochemical feedstocks.
4. Offer incentives for electrical space heat

The demand for chemical feedstocks is currently
(4)
about 10 percent of our total energy usage.'
If petroleum were reserved solely for petrochem
ical needs (and aircraft transport), the avail
ability of oil and gas could be lengthened to
only 45 years (based upon proven reserves), not
a particularly bright future. Each year of con
tinued use of petroleum for energy shortens the
time until alternative sources of chemical feed
stocks must be developed. Oil from shale and
tar sands (although more expensive) will un
doubtedly lengthen this horizon, but continued
hesitation to implement a policy of conservation

ing.
5. Accelerate development of advanced storage
batteries and fuel cells.
6. Develop efficient urban mass transit systems
based on electric power.
7. Continue development of renewable sources
of energy and implement their use as
economics permit.
Quite obviously, the transition from a petroleum
energy economy to a coal-electric economy could not
and should not be immediate nor complete. Time

will hasten the day of total depletion.

is required to replace refineries with power
plants, internal combustion engines with batteries,
gas furnaces with electric, etc. Some energy uses
of petroleum for energy, such as aviation, will
be necessary for many years. However, unless the
transition is begun soon, heavier dependence upon
imported energy and petrochemicals will result;
and energy sufficiency will be impossible in the
near future.

CONCLUSIONS
The most efficient use of our remaining chemical
energy resources can be achieved by development
of an electric energy economy. This transition
cannot be made immediately and without techno
logical advancement in electric cars and environ
mental protection at the generating stations and
coal mining facilities. However, this technology
and the attendant economic feasibility is perhaps
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